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TRENDS IN DRINK/DRIVING REVEALED BY RECENT 
ROAD ACCIDENT DATA 

ABSTRACT 

Long term trends in drink/driving are subjects of 
great public concern, yet they are difficult to 
analyse because of changes in procedures for 
identifying drivers with illegally high alcohol levels. 
The difficulty is overcome in this report by 
studying in particular accident trends for the part 
of the day when drink/driving is most common, 
namely 10 pro-4 am. The report concludes that 
the number of casualties in drink/drive accidents 
fell by approximately one half between 1979 and 
1988. 

The fall has been fairly regular since 1980, but 
with a sharp decline in 1983 when the law 
relating to drink/driving was changed and 
evidential breath-testing was introduced by the 
1981 Transport Act. This Act also introduced 
compulsory seat belt wearing and new procedures 
for licensing learner motorcyclists. It is estimated 
that 490 fewer people were killed in the year after 
the Act took effect, and 36,000 fewer people 
were injured. The contributions of the individual 
measures are evaluated, which shows that some 
previous estimates of the casualty reductions were 
probably too low. 

1 INTRODUCTION 

The extent of drink/driving on British roads and 
the associated toll of road accidents continue to 
be topics of particular concern and public interest. 
A primary source of information is the database of 
Stats19 accident records maintained at TRRL. This 
report presents various analyses of these data 
from 1979 to 1988, which complement and 
extend earlier work (Broughton and Stark, 1986). 
That work studied in depth the changes that 
occurred in 1983: the present report concentrates 
on broader trends over an extended period, and 
provides more up-to-date information. In addition 
to studying trends in drink/driving accidents, it 
identifies general casualty trends, both for the 
whole population of road users and among 
particular groups of road users. 

The analysis of trends in drink/driving accidents is 
constrained by a particular difficulty which applied 
to the earlier work: it is impossible to identify all 
drink/drive accidents from the records available. 
To overcome this, casualty trends in the hours of 
peak drink/driving, namely 10 pm-4  am, are 
compared with trends for the remainder of the 

day. The latter forms a control period, when any 
change in the extent  of drink/driving is unlikely to 
af fect  the level of casualties signif icantly. Thus, 
any change in the ratio of the number of 
casualties between 10 pm and 4 am to the 
number between 4 am and 10 pm should indicate 
a change in the level of casualties suffered in 
drink/drive accidents. However,  when the ratio 
changes over an extended period, other factors 
may also have had an influence, so only 
qualitative conclusions can be drawn: changes in 
the number of casualties in alcohol-related 
accidents cannot be established reliably in these 
cases. 

As a secondary issue, the report reconsiders the 
ef fects on casualty totals of the 1981 Transport 
Act,  the major piece of road safety legislation in 
the decade being studied. This was implemented 
early in 1983, and introduced compulsory seat 
belt wearing and new procedures for l icensing 
learner motorcycl ists. It also changed the law 
relating to drink/driving, most notably by 
introducing evidential breath-test ing and increasing 
penalties. 

Section 2 considers various technical quest ions 
relating to the analysis of the basic casualty data. 
Section 3 then establishes the trends of selected 
series of casualty data from 1979 to 1988,  and 
section 4 studies the ef fects of the 1 981 
Transport Act.  The conclusions are summarised in 
section 5. 

This report is not an exhaust ive rev iew of sources 
of information relating to drink/drive accidents. 
Other aspects have been covered by Jones and 
Everest (1987),  in particular the important 
evidence provided by Coroners and, in Scotland, 
Procurators Fiscal. Also, the Road Acc idents  Great 
Britain series provides relevant information 
annually (see, for example, Department of 
Transport, 1988a). 

2 THE A N A L Y T I C A L  M E T H O D S  

Two  particular aspects of the analysis of trends in 
drink/driving need especial attention. Section 2.1 
considers the problem of studying t rends in 
drink/drive accidents. Section 2.2 then describes a 
f lexible method of modell ing time series of 
casualty data which has been developed from a 
method used in previous studies. 



2.1 TRENDS IN DRINK/DRIVE 
ACCIDENTS 

The analysis of trends in drink/drive accidents is 
constrained by a particular di f f icul ty which applied 
to the earlier study (Brougton and Stark, 1986): it 
is impossible to ident i fy reliably all drink/drive 
accidents. The Stats19 record for an accident 
shows whether any of the drivers involved failed a 
roadside breath-test, but: 

-- many drivers who have been drinking are not 
breath-tested (operational policy varies 
between police forces and through time, and 
the percentage of accident-involved drivers 
who are breath-tested rose irregularly from 
l O i n  1 9 7 9 t o  19 in 1988), 

- -  chemical breath-testing gives less reliable 
results then modern electronic methods; its 
use has diminished, but it is stil l used in 
some areas, 

-- if a breath-tested driver passes the test, 
there is no indication of his alcohol level- 
even if he was only just inside the legal limit, 
and his driving abil i ty was already impaired 
by alcohol. 

These factors together mean that trends in 
drink/drive casualties cannot be successful ly 
examined simply by studying those accidents that 
yield a posit ive screening breath-test. Fortunately, 
a suitable surrogate exists for the proportion of 
accidents that are alcohol-related: the ratio of the 
number of accidents occurring during the peak 
hours for drink/driving, 10 p m - 4  am, to the 
number occuring during the rest of the day. The 
stat ist ical value of this surrogate can be shown by 
comparing its value, over a number of years and 
for groups of police forces, with the proportion of 
dead road users who had illegally high blood 
alcohol levels, as shown by Coroners' returns. 

The analysis reveals a linear relation which 
explains about 60 per cent of the variance in the 
Coroners' data. The relation implies that when the 
ratio falls, the most reliable objective measure of 
the extent  of drink/driving (the proportion of 
fatal i t ies in Coroners' returns who died with illegal 
blood alcohol levels) wi l l  also fall. So, a change in 
the ratio indicates a change in the level of 
casualt ies suffered in drink/drive accidents, but 
the relation is too imprecise to est imate the 
change wi th any confidence. 

When a similar analysis is performed with data 
from accidents involving a posit ive breath-test, no 
sat is factory linear model can be f i t t ed - -  
presumably for the reasons outlined above. This 
means that  the relation between the number of 
dr ink/drive accidents and the number of accidents 
involving a posit ive breath-test is too complex to 
be represented adequately by a simple linear 

model. In the absence of a suitably sophisticated 
model of this relation, analysis of the ratio is the 
most satisfactory method available for monitoring 
the trend in drink/driving. 

There may, of course, be alternative explanations 
for changes in the ratio, although in general only 
for gradual changes. For example, evolving 
patterns of social behaviour could alter the level of 
road travel in the late evening, which might affect 
the ratio independent of any change in the level of 
drink/driving. Alternatively, rising standards of 
vehicular and road lighting could tend to lower the 
ratio, since accident rates should be unaffected in 
daylight but lower in darkness. However, the 
strength of the linear relation just described does 
suggest that the level of drink/driving is the 
dominant influence. 

The interpretation of a change in the ratio depends 
on whether it occurred rapidly (over at most three 
months), or gradually. With a rapid change, the 
altered number of casualties can be attributed 
entirely to a change in the level of drink/driving 
(unless, exceptionally, there is clear evidence of 
an equally rapid change in some explanatory factor 
unrelated to alcohol). Such a change occurred in 
May 1983, when new regulations were 
implemented to curb drink/driving, so it should be 
possible to estimate the casualty reduction 
brought about by this change. Where a change 
was gradual, however, other factors may also 
have had an effect (either positive or negative), 
and it would be unsafe to draw quantitative 
conclusions about the change in drink/drive 
accidents: only qualitative conclusions are possible 
in such a case. 

Although the ratio is a successful surrogate for 
the proportion of accidents that are alcohol- 
related, it cannot be a perfect indicator: many 
accidents occurring between 10 pm and 4 am do 
not involve alcohol, whereas many accidents at 
other times do. However, the proportion of 
accidents which involve alcohol is undoubtedly 
much higher at this time of day. In 1987, for 
example, 13.7 per cent of drivers involved in 
accidents between 10 pm and 4 am failed a 
breath-test, compared with 1.4 per cent for the 
rest of the day (Department of Transport, 1988a). 
Hence, any change in the level of drink/driving 
should have little effect on casualty totals 
between 4 am and 10 pm, but a much larger 
effect on totals between 10 pm and 4 am. 

Thus, the 4 am-10  pm period provides control 
data which indicate how trends might have 
developed in the 10 pm-4  am period i f  
drink/driving had remained at its earlier level. This 
is the basis used in section 3 when drawing 
qualitative conclusions about the change in 
drink/drive casualties over several years. 



Licensing regulations in England and Wales were 
liberalised in August 1988. This may have led to 
increased daytime drinking, so the validity of this 
approach will need to be checked in future. The 
present work should not be affected, however, as 
the change came so late in the decade being 
studied. 

2.2 MODELLING CASUALTY TIME 
SERIES 

The analyses reported below all examine monthly 
series of casualty data. The month is a convenient 
choice for the unit of time, but random 
fluctuations in the data still cause problems, 
especially when dealing with fatalities. For 
example, the number of car occupants killed in 
accidents on built-up roads in the months of 1986 
were: 

46 39 50 41 58 34 45 49 51 60 
41 47 

Are variations about the monthly average of 46.8 
simply random effects, or do they reflect genuine 
changes? A consistent method is needed that will 
accommodate random fluctuations and yet reveal 
underlying trends in the data. 

Broughton and Stark (1986) studied the effects of 
the 1981 Transport Act, relying on a model of the 
form: 

C(t) = exp (k + T.t + I.m + r(t)) (1) 

where C(t) is the number of casualties in month 
t ( t= 1 for Jan 1979), 

T is the underlying rate of change of 
the monthly casualty total, 

I is the change that occurred about the 
time when the legislation took effect, 

ol is a dummy variable that is zero for 
the period before the legislation took 
effect, and 1 afterwards, 

r(t) is the residual term which measures 
the difference between the fitted 
model and the data, 

k is a coefficient which varies with 
month of the year. 

To calibrate the model, equation (1) is transformed: 

Iog(C(t)) = k + T.t + I.m + r(t) (2) 

This approach assumes that the dependent series 
log(C) rises or falls by a constant amount each 
month, once seasonal and legislative effects have 
been taken into account (ie the underlying trend is 
linear). The assumption can only be checked, with 
some difficulty, by examining the residuals r(t). 

In retrospect, the approach suffers from various 
linked problems. Considering the changes that 

have occurred in recent years, the assumption that  
the trend has remained linear over several years 
appears unduly restrictive: the longer the period 
being studied, the less plausible it becomes. The 
approach is an awkward way  of detecting 
changes in trend, and there is no clear indication 
of how to proceed when the assumption of 
l inearity proves unacceptable. Accordingly, the 
model has been developed to accommodate a 
more flexible form of trend, which can be 
displayed graphically. The exact form chosen is 
the quadratic spline, which is introduced in 
Appendix A1. Appendix A2 then describes the 
new model and shows how it is used to analyse 
time series of casualty data. 

The new model is direct ly comparable wi th (2), 
except that the linear trend (T.t) has been replaced 
by a more f lexible form which is capable of 
fol lowing changes in the general level of 
casualties. This is achieved by incorporating extra 
variables: in place of the single variable t there are 
now two, wi th  additional variables to represent 
changes in trend. There could be cases where the 
new trend is suff ic ient ly nearly linear for no extra 
variable to be needed: appendix A3 explains how 
to check for this possibi l i ty and, more generally, 
how to identify the number of signifcant changes 
in trend. 

The new model with its quadratic spline trend is 
simply a pragmatic development of an existing 
model for analysing t ime series of data. Various 
alternative forms of Time Series Model (TSM) 
exist, several developed from the work of Box and 
Jenkins (Box and Jenkins, 1970). These generally 
incorporate advanced stat ist ical concepts, but 
often suffer from important practical 
disadvantages: they tend to be complex to use, 
relying on the experience of the analyst and his 
proprietory software for their success, and their 
results are often di f f icul t  to explain to those 
unfamiliar wi th  the particular technique. Moreover, 
in the two examples known where an 'advanced 
TSM' and the simpler model (2) were applied in 
parallel to the analysis of road accident data, the 
two approaches yielded very similar results. (The 
two examples are a study by Scott (1986) of 
British accident data for 1970-78, and the 
evaluation of the ef fect  of compulsory seat belt 
wearing (Department of Transport, 1985).) This 
suggests that t ime series of national casualty data 
are suff ic ient ly regular for the theoretical 
advantages of these more advanced models not to 
be realised in practice. Doubtless this would not 
be true of many other applications. 

It has been concluded from these considerations 
that the extra complexi ty  of theoret ical ly more 
advanced models is not justi f ied in the present 
work, and that the model wi th  the quadratic spline 
should provide adequate f lexibi l i ty ,  while al lowing 
results to be presented clearly. 



3 RECENT C A S U A L T Y  TRENDS 

This sect ion examines general casua l ty  trends over 
the period 1979 -88  using the approach described 
above;  the e f fec ts  of the 1981 Transpor t  Act  wi l l  
be analysed in sect ion 4. The ent i re populat ion of 
road users is considered f i rst ,  f o l l owed  by 
part icular c lasses of road user. In all cases, three 
series of casua l ty  data wi l l  be examined:  

--  month ly  to ta ls  of road users ki l led, 

--  month ly  to ta ls  of road users kil led or 
ser iously injured (KSI), 

- -  month ly  to ta ls  of road users injured 
(any sever i ty) .  

The computed  casual ty  t rends for  var ious road 
user groups wi l l  be presented in series of f igures. 

In order to compare direct ly the changes in the 
trends shown in each figure, logarithmic scales are 
used. As explained in appendix A2, the stat ist ical 
process which f i ts these curves concentrates on 
longer-term variat ions in trend. Nevertheless, a 
few curves do include short-term oscil lations. 
These must have been found signif icant when 
f i t t ing these curves, but minor oscil lat ions can 
safely be ignored. 

3.1 ALL ROAD USERS 
Previous studies have shown differences between 
the casualty trends on rural and urban roads. 
Accordingly,  casualties are examined f i rst  on built- 
up roads (with speed l imits up to 40 mph), then 
on non-built-up roads (with speed l imits over 
40 mph). 
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Figure 1 shows the trends for casualt ies on built- 
up roads for two  periods: the 'dr ink/dr ive'  hours 
from 10 pm to 4 am, and the rest of the day. 
Trends have generally fallen in the former period, 
although they did rise for non-fatal casualt ies in 
1982-4. Trends for the latter period have been 
more stable, and have fallen for more severe 
casualties in recent years. In all cases, there were 
reductions early in 1983,  presumably associated 
with the Transport Act .  

Figure 2 shows the corresponding trends for non- 
built-up roads. There are some di f ferences from 
figure 1, in particular for the 4 a m - - 1 0  pm period. 

The t rends for fatal i t ies and for all casual t ies have 
general ly risen since 1983,  whereas  on bui l t -up 
roads they have fal len sl ightly. 

Each graph in f igures 1 and 2 is the  quadrat ic  
spline wh ich  best represents the part icular  series 
of casual ty data. None is exac t ly  l inear: in all 
cases the basic model (2) w i th  its l inear t rend has 
been improved s igni f icant ly  by adding one or more  
terms. Thus,  the use of the more comp lex  model  
is just i f ied, and the conclus ions to be d rawn  may 
wel l  d i f fer  to some ex ten t  f rom conc lus ions 
obtained in previous analyses that  relied on the  
basic model. 
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The relationship between casualt ies during the 
drink/drive hours and the rest of the day is 
brought out more clearly in f igure 3. This shows, 
for the six pairs of trends from figures 1 and 2, 
the quotient: 

Q = casualty trend durin 9 drink/drive hours 

casualty trend during rest of day 

If conditions during the drink/drive hours had 
evolved more or less as they did during the rest of 
the day, Q would have stayed vir tual ly constant 
over the years. In all cases, however,  Q fell 
substantially between 1979 and 1988, but not 
uniformly. For example, in 1979 the number of 
fatalit ies on built-up roads during the drink/drive 
hours reached 38 per cent of the number for the 
rest of the day, but it fell to 25 per cent by the 
end of 1988. In fact,  the casualty quotients for all 
six series had fal len by 1988 by more than one 
third form the peak values reached early in the 
decade. 

All but one of the quotients fell considerably in 
early 1983, presumably associated wi th 
implementation of the 1981 Transport Act. It is 
also true, however,  that Q has been fall ing for 
most of the casualty series through most of the 
decade, which probably indicates a progressive 
reduction in the number of casualties in drink/drive 
accidents. These falls predate the Act,  and have 
continued long after, so they cannot be explained 
simply as delayed responses to the Act. Other 
influences must be present, such as the 
cumulative ef fects of successive campaigns of 
public information. 

When Q falls, there are fewer casualties in the 
10 pro--4 am period than there would have been 
if it had stayed constant.  As an i l lustration, table 
1 shows the reduction in the number of casualt ies 
in 1988 that resulted from the quotients fal l ing 
between 1986 and 1988. This is the dif ference 
between the number of casualties that  there 
would have been in 1988 if the quotients had 
remained at their 1986 levels, and the actual 
number in 1988: 

Reduction = C2(1986) x C 1 (1988) - C2(1988) 

C1(1986) 

where C1 refers to the number of casualties 
between 4 am and 10 pm and C2 to the number 
between 10 pm and 4 am. As discussed in section 
2.1, it is likely that  a large proportion of these 
reductions can be attr ibuted to lower levels of 
drink/driving, but it is impossible to be more 
precise. 

In addition to the d i f f icu l ty  of judging whether a 
change in Q is related solely to the level of 
drink/driving, another problem is to assess the 
likely minimum value of Q. If there were no 
drink/driving, people would stil l t ravel between 

T A B L E  1 

Reduction in casualt ies in 1988 caused by the 
reduction in quot ients between 1986 and 1988  

Built-up roads 
Reduction in 1988 
Reduction as 
percentage of actual 
number in 1988 

Non-buil t-up roads 
Reduction in 1988 
Reduction as 
percentage of actual 
number in 1988 

All  
Fatal i t ies KSI casual t ies 

84 1140  3 5 5 0  
16 16 12 

82 890  2 3 2 0  
18 22 18 

10 pm and 4 am and there would sti l l  be road 
accidents. Hence, Q wi l l  not fall to zero, no mat te r  
how successful  are the ef for ts  to e l iminate 
dr ink/dr iv ing.  The min imum value of Q cannot  be 
establ ished w i th  any precision, but the National 
Travel Survey of 1985 /6  (Department  of 
Transport ,  1988b) provides some guidance. It 
shows that  over 6 per cent  of car t r ips of less 
than 2 hours durat ion (which make up the great 
major i ty  of car trips) s tar t  between 10 pm and 
4 am: the percentage rises to a lmost  12 for y()ung 
male dr ivers, a group which  has a part icular ly  high 
accident rate but is involved in re la t ive ly  f ew  
dr ink/dr ive accidents (Broughton, 1990) .  This 
in format ion is studied in appendix A4,  where it is 
concluded that  the min imum value of Q is 
probably at least O. 10 for  all casual t ies,  and that  it 
may wel l  be even higher for fa ta l i t ies because of 
the greater average sever i ty  of acc idents during 
the hours of darkness. 

This suggests that  very  substant ia l  reduct ions 
have been achieved since 1979 in the level of  
dr ink/dr iv ing: compared w i th  the peak values seen 
early in the decade under study, the level of 
dr ink/dr ive casualt ies may wel l  have fal len by over  
one half by the end of  1988.  In the case of 
casualt ies on bui l t -up roads, for example,  the 
quot ient  fell f rom 0 .22  in 1979 to 0 . 1 4  late in 
1988.  If, as appears l ikely,  the quot ient  would fal l  
to about 0 .10  in the absence of dr ink/dr iv ing,  this 
indicates a reduct ion in dr ink/dr ive casual t ies of up 
to two- th i rds  over the decade. Even i f  the 
min imum was only 0 .06  (which seems unl ikely),  
the reduct ion would sti l l  approach one half.  The 
most  recent t rends indicate the l ikel ihood of 
fur ther  reduct ions in fu ture al though, as discussed 
in appendix A2,  the fo rm of a t rend may be less 
reliable over the f i rs t  and last f ew  months of the 
period studied. 

The Sta ts19 breath- test  data also show large 
reduct ions in dr ink/dr ive casualt ies al though, as 



discussed in section 2.1, these probably 
underest imate the reduct ions in drink/drive 
casualt ies. The main reason is that drink/drive 
accidents are more likely to have been identified 
reliably at the end of the decade than at its 
beginning. In addition, these accidents cannot be 
identi f ied f rom Stats19 data when the driver who 
had been drinking is killed, or so seriously injured 
that  a breath-test  cannot be carried out (although 
it may wel l  be that these form a fairly constant 
proport ion of  all drink/drive accidents). On built-up 
roads, the proport ion of deaths and casualties in 
k n o w n  drink/drive accidents fell by 40  and 28 per 
cent  be tween  1979 and 1988; the corresponding 
reduct ions on non-buil t-up roads are 37 and 25 
per cent. 

3 . 2  CAR OCCUPANTS 
Month ly  casualty trends for car occupants are 
shown  in f igures 4 (built-up roads) and 5 (non- 
buil t-up roads). On built-up roads, casualty trends 
be tween  4 am and 10 pm have generally risen, 
except  for the abrupt falls in 1983; however,  
fatal i t ies have fallen since 1985 and KSI since the 
beginning of 1988. Casualty trends between 
10 pm and 4 am began to rise in 1981,  but have 
fal len since 1985. The casualty quot ients in figure 
6 have tended to fall throughout  the decade: the 
quot ient  for all casualties, for example, fell from 
two- f i f ths  in 1979 to one f i f th in 1988.  The 
fatal i ty quotient,  by contrast,  rose between 1983 
and 1986,  but has since fallen. Overall, it has 
fallen much less than the quotients for non-fatal 
casualt ies. 

Recent trends .on non-buil t-up roads (figure 5) 
have differed somewhat .  For the 4 a m - - 1 0  pm 
period, they have risen steadily since 1983, but 
for the 10 p ro - -4  am period they were stable for 
several years and have fallen since 1987.  The 
quot ients have fallen by up to one half from the 
peak values early in the decade; these falls have 
been broadly similar to those on built-up roads, 
except  that  the fatal i ty quot ient  has fallen on non- 
built-up roads since 1982 (with one brief 
except ion).  

These results indicate that the number of car 
occupants  injured in alcohol-related accidents has 
fallen steadily in recent years, and by perhaps one 
half over the decade; the exception to this is 
fatal i t ies on built-up roads, which have fallen very 
little. The fall has been more rapid on non-buil t-up 
roads. 

The pattern of these changes is repeated in the 
breath-test  data. On built-up roads, the proport ion 
of deaths that occurred in known drink/drive 
accidents rose by 3 per cent  between 1979 and 
1988,  whi le the proport ion of casualties fell by 32 
per cent. On non-buil t-up roads, the proport ion of 

deaths and casualties in these accidents fell by 23 
and 30 per cent. There is no obvious reason why 
drink/drive fatalities on built-up roads have not 
fol lowed a downward trend similar to that of the 
other casualty groups. 

3.3  MOTORCYCLISTS 
Figure 7 shows the monthly casualty trends for 
motorcyclists, which have been strongly 
influenced in recent years by the changing 
popularity of motorcycling. Both motorcycle 
mileage and the stock of registered motorcycles 
peaked about 1981, and the casualty trends 
fo l low the same general pattern. Figure 8 shows 
the casualty quotients that compare trends in the 
two  parts of the day: they have declined regularly. 
For example, in 1979 the number of motorcyclist 
fatalities in the drink/drive hours reached almost 
one half of the number in the rest of the day, but 
it has since fallen to less than one fifth. There 
have also been progressive reductions among non- 
fatal casualties. This indicates that the number of 
motorcyclists injured in alcohol-related accidents 
has fallen markedly since 1979, probably by at 
least one half. 

The proportion of motorcyclist deaths and 
casualties that occurred in known drink/drive 
accidents fell by 46 and 16 per cent between 
1979 and 1988. 

3 .4  PEDESTRIANS 
Figure 9 shows the monthly casualty trends for 
pedestrians. The non-fatal trends in the 
4 am- -10  pm period have fallen since 1984, 
fol lowing earlier oscillations, but the fatality trend 
may have turned up in 1987. The fatality trend in 
the 10 pm--4  am period has fallen continuously, 
but the non-fatal trends have oscillated since 
1981. Consequently, the quotients for non-fatal 
casualties shown in figure 10 have varied within 
narrow ranges over the decade, while the fatality 
quotient has shown a small decline. 

The casualty reductions revealed in the previous 
two  sections must have resulted from a 
considerable fall in the level of drink/driving during 
the decade, so presumably the risk per pedestrian 
of injury in a drink/drive accident has also fallen. 
On the other hand, the pedestrian casualty 
quotients have been generally stable. This 
suggests that pedestrian activity has increased in 
the late evening, leaving more pedestrians 
exposed to risk. (Such an increase could be a 
consequence of success in curbing drink/driving, 
wi th  many people choosing to walk rather than 
drive to social occasions likely to involve alcohol.) 
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The S ta ts19  breath- test  data are helpful here, 
a l though they  must  sti l l be t reated w i th  caut ion. 
The number  of pedestr ians kil led and injured in 
known dr ink/dr ive accidents fel l  by 64 and 40 per 
cent  be tween 1979 and 1988:  casual t ies in all 
acc idents fel l  by only 17 and 12 per cent  over the 
same period. As a result, the proport ion of 
pedestr ians kil led in known dr ink/dr ive accidents 

has fallen by 57 per cent and the proportion 
injured by 32 per cent. This suggests that  
pedestrian casualt ies in drink/drive accidents have 
fal len in line wi th  other groups, but that increased 
pedestrian act iv i ty  in the late evening has led to 
more casualties in accidents where no driver had 
been drinking. 
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3.5 MONTHLY VARIATIONS IN 
CASUALITIES 

Each of  the casual ty  series studied above fo l lows 
an annual cycle,  wh ich  is repeated in successive 
years. When casual t ies in, say, July are compared 
w i th  the trend, the result  is e f fec t ive ly  the same 
for each year. These cycles are represented 
exp l i c i t l y  by the t ime series model,  and are now 
considered.  

For the model w i th  l inear t rend (2), the level of 
casual t ies in the i-th month of the year, relat ive to 
the t rend,  is s imply  

exp ( k ( i ) - k ,  ) 

where  k(i) is the value of coef f ic ient  k for  month i 
and E is the mean of { k(i) }. The same is true for 
the model w i th  the quadrat ic  spline trend, and the 
t rans formed month ly  coef f ic ients  from four pairs 
of ser ies are shown in f igure 11. Each series 
compr ises casualt ies of all sever i t ies,  and the 
re lat ive month ly  levels in the 10 p m - - 4  am period 
are compared d i rect ly  w i th  the levels in the 
4 a m - - 1 0  pm period. For each of the four  graphs, 
1.0 represents the average over the who le  year, 
so va lues below 1.0 denote month ly  to ta ls  below 
the annual average and values above 1.0 denote 
above-average totals.  

The mos t  pronounced var ia t ions occur w i th  
moto rcyc l i s t  casualt ies, and in part icular in the 
10 p m - - 4  am period. Pedestr ian casualt ies are 
re la t ive ly  numerous f rom October  to December,  
and car occupant  casual t ies fo l low a s imi lar  
pat tern on bui l t -up roads. On non-bui l t -up roads, 
car occupant  casualt ies are re lat ive ly  f e w  in the 
spring, but rise in July to a level which is 
mainta ined unti l  December. Seasonal var ia t ions in 
the vo lume of t ravel  c lear ly explain part of these 
var ia t ions.  

The seasonal d is t r ibut ions of casualt ies revealed 
by these graphs are of interest .  Unfor tunate ly ,  
they  cannot  be used to assess the relat ive 
f requency  of dr ink/dr ive casual t ies at d i f fe rent  
t imes of the year, because the relation between 
casual ty  levels in the t w o  parts of the day varies 
seasonal ly.  One reason is the var iat ion in the 
hours of dayl ight  during the year: casual ty  rates 
(per k i lometre travel led) tend to be higher in the 
hours of  darkness, so wi l l  be higher for the 
4 a m - l O  pm period in w in te r  than in the summer,  
whi le  the 10 p m - 4  am period is scarcely af fected.  
Figure 1 1 shows that  there are indeed re la t ive ly  
many casual t ies in the 4 a m - 1 0  pm period in the 
w in ter ,  compared w i th  the 10 p m - 4  am period. 

Related to this is the l ikel ihood that  evening t ravel ,  
being largely d iscret ionary,  wi l l  be inhibi ted during 
the w in te r  months by inc lement  weather .  This is 
borne out  by f igure 11, where  the d ivergence 
be tween the graphs is greatest  for  motorcyc l i s ts ,  
the group most  exposed to w in te ry  condi t ions.  

Only one conclusion related to drink/driving can be 
drawn from figure 11. Pedestrian casualt ies peak 
in December for the 10 p ro -4  am period, while for 
the 4 a m - 1 0  pm period they are well below their 
November peak. This pattern occurs only wi th 
pedestrians, which suggests that the rise in 
pedestrian casualties in the late evening in the 
Christmas period is due to increased pedestrian 
act iv i ty  in the late evening, rather than any 
seasonal increase in drink/driving. 

4 THE EFFECTS OF THE 1 9 8 1  
T R A N S P O R T  A C T  

The 1981 Transport Act  introduced three principal 
road safety measures: 

(i) seat belt wearing was made compulsory for 
f ront seat occupants of cars and vans on 31 
January 1983, 

(ii) new drink/drive regulations took ef fect  on 6 
May 1983, 

(iii) various amendments to licensing 
arrangements for learner motorcycl is ts were 
introduced between 29 March 1982 and 1 
February 1983. 

Measures (i) and (ii) took ef fect  rapidly, as did the 
restr ict ion of learner motorcycl ists to machines of 
at most 125 cc capacity on 1 February 1983 
(Broughton, 1987), one aspect of (iii). Appendix 
A2 describes how their effects are modelled, and 
they have already appeared as discontinuit ies in 
the casualty trends. Other aspects of (iii) wi l l  have 
had a progressive ef fect  on casualties, 
contr ibut ing to the trends shown in f igure 7. 

The col lect ive ef fects of these three measures can 
be determined directly. It is more di f f icul t  to 
determine their separate effects, because they 
were introduced over such a short period. Section 
4.1 studies the ef fects of the new drink/drive 
regulations, by comparing the changes occurring 
between 10 pm and 4 am with those occurring 
between 4 am and 10 pm (as was done in 
previous sections). The effects on motorcycl is t  
casualt ies of the capacity restriction are studied in 
section 4.2, and the results of compulsory seat 
belt wearing are then deduced. Sections 4.3 and 
4 .4  est imate the casualty changes among car 
occupants and pedestrians. Finally, section 4.5 
considers the extent to which earlier conclusions 
about the 1981 Transport Act  need to be revised. 

4.1 ALL ROAD USERS 
Table 2 shows the combined effects of the three 
measures that took effect early in 1983, both as 
percentage reductions and in terms of the 
casualt ies avoided in the f irst year. The reductions 
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TABLE 2 

Casual ty  reduct ions brought by the 1981 Transport Act  

Al l  roads, all day 
Reduct ion (%) 
9 0 %  conf  interval  
Casual t ies avoided in f i rs t  year 

Al l  roads, 4 a m - l O p m  
Reduct ion (%) 
9 0 %  conf  interval  
Casual t ies avoided in f i rs t  year 

Al l  roads, 1 0 p m - 4 a m  
Reduct ion (%) 
9 0 %  conf  interval  
Casual t ies avoided in f i rs t  year 

All 
Fatalit ies KSI casualties 

9 
3,14 
491 

8 
- 2 , 1 8  

301 

12 
10,27 

206 

13 
8,17 

10900 

10 
6,15 

6960 

24 
19,28 
4420 

11 
6,15 

35000 

9 
4,13 

24000 

22 
17,26 

12600 

shown  are the best es t imates for wha t  actua l ly  
occurred,  but cannot  be exact.  Consequent ly ,  
each percentage reduct ion is accompanied by its 
90  per cent  conf idence interval to show the range 
w i th in  wh ich  one can, w i th  90 per cent  
conf idence,  be sure that  the reduct ion actua l ly  
l ies. In cases where the interval does not  include 
zero (ie both bounds are posi t ive,  or both are 
negat ive)  then it is at least 95 per cent  certain 
tha t  a genuine change has occurred, rather than 
some random f luc tuat ion in the casual ty  data. 
Such a change is described as ' s ta t i s t i ca l l y  
s ign i f i cant  (at the 95 per cent  level) ' .  (The reason 
for  95 per cent cer ta in ty  in this case, rather than 
90 per cent,  is tha t  i f  a change did occur then 
e i ther  i t  lay wi th in  the conf idence interval  (w i th  90 
per cent  probabi l i ty) ,  or it exceeded the upper 
bound (wi th  5 per cent  probabi l i ty) ,  or i t  lay just 
be low the lower bound: the sum of the three 
probabi l i t ies is at least 95 per cent.) 

In the fo l lowing tables,  posi t ive numbers indicate 
tha t  the legislat ion brought about f ewe r  casualt ies, 
and negat ive numbers indicate increased 
casual t ies.  Each ent ry  refers to the analys is of a 
single named data set. Where one data set is the 
sum of t w o  or more others, the comp lex i t y  of  the 
model l ing process may mean that  the es t imate  of 
the casual t ies avoided di f fers f rom the sum of the 
indiv idual  est imates.  

Table 2 shows greater percentage reduct ions for 
the late evening than for the rest of the day. This 
suggests  that  the new dr ink/dr ive regulat ions were 
e f fec t i ve ,  but the casual ty  savings can only be 
quant i f ied  i f  it is assumed tha t  each of  the other 
measures had equal e f fects  in the t w o  parts of  the 
day. Evidence f rom Rutherford et al (1985) ,  
d iscussed by Broughton and Stark (1986) ,  
suggests  that  the increase in the seat belt  wear ing 

rate was similar at all t imes of the day. Moreover, 
there is nothing to show that a certain increase in 
wearing rate would reduce casualties more in the 
late evening than in the rest of the day. Thus, the 
assumption is reasonable in the case of 
compulsory seat belt wearing; for the new learner 
motorcycl is t  l icensing arrangements, the 
assumption is plausible but not provable. 

Table 3 shows the casualty reductions that  can be 
attr ibuted to the new drink/drive regulations. In 
this case, the calculat ion of the number of 
casualt ies avoided is based on the lower casualty 
levels that resulted from the earlier measures. The 
table shows that  over one f i f th of the reductions 
in non-fatal casualt ies in table 2 can be attr ibuted 
to the drink/drive regulations, and that these 
reductions are stat is t ica l ly  signif icant. The 
reduction in fatal i t ies appears to have been less, 
and is not stat is t ical ly  signif icant. 

The dif ference between tables 2 and 3 in the 
number of casualt ies avoided must be attr ibuted 
to compulsory seat belt wearing and the capacity 
restr ict ion for learner motorcycl ists.  The next  
section seeks to separate the effects. 

TABLE 3 

Casualty reductions brought about by the 
new drink/drive regulations 

Reduction (%) 
90% conf interval 
Casualties avoided in 

f i rs t  year 

Fatalities KSI 

4 15 
- 1 1 , 1 8  8,21 

65 2510 

All 
casualties 

14 
8,21 

7590 
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4.2 MOTORCYCLISTS 
Table 4 shows the reductions found early in 1983 
among motorcyclist casualties. The table also 
estimates the reductions that may be attributed to 
the new drink/drive regulations, by comparing 
reductions in the two parts of the day. These 
reductions appear to have been less for the more 
severe casualties, and only the reduction for all 
casualties is significant. It is clear from the results 
for 4 am-10 pm that restricting learner 
motorcyclists to machines with engine capacity up 
to 125 cc led to casualty reductions which 
(except for fatalities) were significant. 

Having estimated the combined effects of the 
three measures, and the seperate effects of two 
of the measures, the effect of compulsory seat 

belt wearing can now be calculated by direct 
subtraction. The results are brought together in 
table 5, with their 90 per cent confidence intervals 
in brackets. The intervals are inevitably wide for 
the individual measures, since uncertainty builds 
up with each step in the sequence of calculations. 
Nonetheless, the success of all three aspects of 
the legislation is beyond reasonable doubt. 

The table estimates the casualty reductions 
achieved by each measure during the f i rst  year of 
its operation. Thus, casualty reductions from the 
seat belt and motorcycl ing changes are calculated 
for February 1983-January  1984, while casualty 
reductions from the drink/drive regulations and the 
combined measures are calculated for May 
1983-Apr i l  1984. This slight inconsistency should 
not af fect  the comparison. 

TABLE 4 

Motorcyclist casualty reductions (all roads) 

Casualty reductions, 
4 am-10 pm 

Reduction (%) 
90% conf interval 
Casualties avoided in first year 

Casualty reductions, 
10 pm-4 am 

Reduction (%) 
90% conf interval 
Casualties avoided in first year 

Drink/drive 
casualty reductions 

Reduction (%) 
90% conf interval 
Casualties avoided in first year 

All 
Fatalities KSI " casualties 

6 
- 7 , 2 1  

42 

7 
- 1 1 , 2 9  

18 

1 
- 4 7 , 3 3  

3 

12 
6,18 
2290 

16 
8,24 
650 

4 
- 8 , 1 5  

160 

11 
2,12 

4010  

17 
8,26 

1830 

11 
0,22 
1120 

TABLE 5 

The contribution of the separate measures of the 1981 Transport Act  to its overall ef fect  

Casualty reductions from: 
combined measures 

new drink/drive 
regulations 

new regulations for 
learner motorcyclists 

compulsory seat belt 
wearing 

All 
Fatalities KSI casualties 

11400 
(8830,13800)  

491 
(155,810) 

65 
( - 170,280) 

54 
( - 4 0 , 1 4 5 )  

372 
( - 45,755) 

2510 
(1560,3390)  

2760 
(1600,3780)  

6120 
(2750,9260)  

36400 
(25400,46600)  

7590 
(4590,10400)  

4690 
(1870,7280)  

24100 
(10700,36700)  
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TABLE 6 

Car occupant casualty reductions 

All roads, all day 
Reduction (%) 
90% conf interval 
Casualties avoided in f irst year 

Built-up roads, 4 a m - l O  pm 
Reduction (%) 
90% conf interval 

Built-up roads, 4 a m - l O  pm 
Reduction (%) 

All 
Fatalities KSI casualties 

25 
19,31 

595 

20 
3,35 

24 

30 
23,35 
10500 

30 
23,36 

33 
90% conf interval 

Non-built-up roads, 4 a m - 1 0  pm 
Reduction (%) 
90% conf interval 

Non-built-up roads, 10 p m - 4  am 
Reduction (%) 
90% conf interval 

Drink/drive casualties 
Built-up roads 

Reduction (%) 
90% conf interval 

Non-built-up roads 
Reduction (%) 
90% conf interval 

3,40 

19 
7,29 

21 
- 4 , 3 9  

5 
- 30,30 

2 
- 3 2 , 2 8  

26,39 

19 
13,25 

29 
21,35 

5 
- 8 , 1 7  

11 
0,22 

21 
15,27 

32300 

22 
14,29 

33 
27,39 

17 
10,23 

22 
16,28 

14 
2,24 

6 
2,13 

4 . 3  C A R  O C C U P A N T S  
Table 6 shows the casualty reductions in early 
1983 among car occupants, treating built-up and 
non-built-up roads separately. The effects are 
greater on built-up roads, perhaps because seat 
belt wearing rates had previously been relat ively 
low on these roads. In contrast, it appears that 
the drink/drive regulations had broadly similar 
effects on both types of roads. Both reductions 
for all casualties and one KSI reduction are 
signif icant, but it is much less certain that the 
regulations reduced the number of fatal i t ies. 

It should be noted that the fata l i ty  reduction 
est imated for the aggregate series exceeds all of 
the est imates for the disaggregate series. This 
suggests that the reduction has been 
overest imated sl ightly, and that the number of car 
occupant fatal i t ies avoided was actual ly about 
500. Comparison of the casualty reductions in the 
two parts of the day suggests that  the new 
drink/drive regulations reduced car occupant 
casualt ies in the f i rst  year by about 50 fatal i t ies, 
2000 KSI and 7000 casualties of all severit ies. 

4 . 4  PEDESTRIANS 
The change in pedestrian casualties in early 1983 
is shown in table 7. The particular interest here is 
to evaluate the claim made at the time that car 
drivers would tend to drive more recklessly when 
wearing seat belts (the 'risk compensation 
hypothesis') and that vulnerable road users such 
as pedestrians would suffer in consequence. 

The table gives no clear evidence of any change in 
pedestrian casualties; none of the changes 
approaches significance at the 95 per cent level, 
and there are as many apparent increases as there 
are apparent decreases. The change that 
approaches significance most nearly is the daytime 
reduction in KSI, but against this must be set the 
daytime increase in fatalities. One may conclude 
that none of the new measures affected 
pedestrian casualties. 

4 . 5  D ISCUSSION 
Three studies of particular aspects of the 1981 
Transport Act have relied on the linear model (2) 
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T A B L E  7 

Pedestrian casualty reductions (all roads) 

All casualties 
4am- lO  pm 

Reduction (%) 
90% conf interval 
Casualties avoided in first year 

10 pm-4am 
Reduction (%) 
90% conf interval 
Casualties avoided in first year 

Drink/drive casualty 
Reduction (%) 
90% conf interval 
Casualties avoided in first year 

All 
Fatalities KSI casualties 

- 5  
- 1 5 , 3  

- 8 2  

4 
- 9 , 1 5  

13 

9 
- 6 , 2 2  

30 

3 
- 1 , 7  

540 

- 1  
- 1 2 , 8  

- 40 

- 5  
- 1 7 , 6  
- 1 2 0  

0 
- 4 , 4  

85 

- 3  
- 1 0 , 5  
- 1 6 5  

- 3  
- 1 2 , 6  
- 1 7 5  

to quantify the casualty changes that occurred in 
1983. This section considers the possibility that 
their findings may need revision in the light of the 
new results. Only a general evaluation is made, as 
several of the casualty classes used in the earlier 
studies do not match those used in this report. 

Compulsory seat belt wearing will be considered 
first, as studied in the 'Report by the Department 
of Transport' (1985). In section 2.3, the overall 
casualty reductions in the first year for front seat 
occupants of cars and vans were estimated as 
470 fatalities, 7000 KSI and 13000 slight 
casualties, but no allowance was made for the 
effects of the new drink/drive regulations. These 
figures are somewhat less than the estimates in 
table 6 of the combined effect of the two 
measures on car occupant casualties, but the 
exclusion of van occupants and the inclusion of 
rear seat occupants in this table might account for 
a small part of the discrepancy. It is now clear 
that the great majority of these casualty 
reductions were due to compulsory seat belt 
wearing, although the new drink/drive regulations 
also contributed. 

One important matter that has been clarified 
concerns the effect of compulsory seat belt 
wearing on pedestrian casualties. Increases in 
pedestrian casualties of 4 - 7  per cent were quoted 
in the Report, which were found to be statistically 
significant for non-fatal casualties. It now appears 
that these analyses were confounded by the non- 
linear trends shown in figure 9; there was no 
significant increase in pedestrian casualties in 
early-1983. There is some indication of a fatal i ty 
increase, but this is offset by an equivalent 
indication of a reduction in KSI. It is diff icult to 

see how changed driver behaviour brought by 
compulsory seat belt wearing could have led to 
more fatalit ies at the same time as fewer serious 
casualties. So, it may reasonably be concluded 
that these apparent changes resulted from random 
fluctuations in the casualty data. 

The study of the drink/drive regulations appeared 
next (Broughton and Stark, 1986). It concluded 
that the regulations had been beneficial, using the 
approach fol lowed in this report, but the benefits 
now appear to have been signif icantly 
underestimated. Contradictory effects were found 
among car occupants on built-up roads, and it was 
concluded that ' l i t t le evidence has been found of 
casualty reductions fol lowing the legislation' for 
this group. Table 6, by contrast, shows 
signif icantly casualty reductions on built-up roads, 
so the earlier conclusion must be revised. Further, 
the casualty reductions on non-built-up roads 
appear to have been underestimated. The casualty 
reduction reported among motorcycl ists at least 
25 years old is now seen to have applied to 
motorcycl ists of all ages. 

The final study was of the effects of the changed 
motorcycl ist licensing procedures (Broughton, 
1987). It was estimated, using the linear model, 
that restricting learner riders to machines of up to 
125 cc engine capacity had reduced casualties by 
7000, including 2430 KSI. However, as with the 
seat belt study, the new drink/drive regulations 
were not taken into account. From table 4, the 
comparable figures from the present work (ie for 
the whole day, including the effects of the 
drink/drive regulations) are 5840 and 2940, so in 
this case the linear model has provided reasonably 
reliable casualty reduction estimates. It can now 
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be seen that part of these reductions were 
attr ibutable to the drink/drive regulations, but even 
so the reduction in KSI that is attributed in table 5 
to the new licensing procedures slightly exceeds 
the earlier estimate. 

In summary, the results obtained with the more 
f lexible t ime series model have provided a clearer 
impression of the effects of the 1981 Transport 
Act. The claims ofthe 'risk compensation 
hypothesis'  that pedestrian casualties would 
increase as a result of compulsory seat belt 
wearing can now be discounted. Otherwise, the 
only previous result to need substantial revision is 
the extent of the benefit from the drink/drive 
regulations, which had been underestimated. 

5 CONCLUSIONS 
The analysis of trends in drink/drive accidents is 
complicated by the impossibi l i ty of identifying all 
of these accidents from police reports. Reliance on 
reports of known drink/drive accidents runs the 
risk that changes in police procedure wi l l  mask 
actual changes in the incidence of drink/drive 
accidents. A satisfactory surrogate is the ratio of 
the number of casualties during the 'drink/drive' 
hours between 10 pm and 4 am to the number 
during the rest of the day. Under certain 
conditions, changes in this ratio can be interpreted 
numerical ly in terms of casualties in drink/drive 
accidents, but otherwise only qualitative 
conclusions may be drawn. 

The analyses have been carried out using a 
f lexible statistical technique which has been 
developed to identi fy changes in long-term 
casualty trends. These trends then emerge clearly, 
freed from the short-term f luctuations that can 
make conventional graphs of casualty t ime series 
di f f icul t  to interpret. 

The report has shown that casualty totals on built- 
up roads have tended to fall since 1980. The falls 
have been more rapid for the 10 p m - 4  am period, 
indicating considerable reductions among 
drink/drive casualties. The position is more 
complex for non-built-up roads, with a steady 
increase since 1984 in sl ight casualties during the 
4 a m - l O  pm period, but again the number of 
drink/drive casualties appears to have fallen 
substantial ly. It is impossible to be precise, but the 
number of casualties in drink/drive accidents may 
well have fallen by one half between 1979 and 
1988. Recent trends indicate the likelihood of 
further falls in future. 

The same comparative technique has shown 
progressive reductions in drink/drive casualties 
among car occupants and motorcyclists. In the 
case of pedestrians, casualties in drink/drive 
accidents appear to have fallen significantly, but 
casualties from all accidents have generally fallen 
no faster in the late evening than in the rest of the 
day. A likely explanation is that pedestrian activity 
has increased in the late evening (perhaps as a 
result of success in reducing the number of 
drinking drivers) which has left more pedestrians 
exposed to the risk of accidents. 

The most important piece of road safety legislation 
to take effect between 1979 and 1988 was the 
1981 Transport Act, which introduced various 
measures early in 1983. The Act 's effects have 
been re-evaluated as part of the study of casualty 
trends, and they were found to be considerable. 
There were about 490 fewer deaths in the first 
year, with 11,400 fewer people killed or seriously 
injured and 36,000 fewer people injured. The 
effectiveness of compulsory seat belt wearing was 
confirmed (first year casualty reductions of 
370/6100/24,000 respectively), but this result 
should be more reliable than earlier estimates 
because account has now been taken of the 
drink/drive regulations introduced by the Act. The 
effects of the new legislation (casualty reductions 
of 65/2500/7600 respectively) are now seen to 
have been seriously under-estimated by a previous 
study. The restriction of learner motorcyclists to 
machines with engine capacity up to 125 cc--one 
aspect of the new motorcycle licensing 
procedures--reduced casualties in the first year by 
4700, 2750 of whom would have been killed or 
seriously injured. There may also have been a 
reduction in fatalities of about 50, although the 
evidence for this is less conclusive. 

In the case of pedestrians, earlier studies had 
found casualty increases at the time when the 
new legislation took effect, but it now appears 
that there were no such increases. The earlier 
studies were misled by varying trends over several 
years, which must have been independent of the 
new legislation (this possibility was recognised in 
the original report (Department of Transport, 
1985)). 

6 ACKNOWLEDGEMENTS 
The work described in this report was carried out 
in the Road Safety Division of the Safety and 
Transportation Group of TRRL. 

20 



7 REFERENCES 
BOX G E P and Jenkins G M (1970). Time Series 
Analysis, Forecasting and Control. Holden-Day, 
San Francisco 

BROUGHTON J (1987). The effect on 
motorcycl ing of the 1981 Transport Act.  
Department of Transport TRRL Report RR106: 
Transport and Road Research Laboratory, 
Crowthorne 

BROUGHTON J (1990). Casualty rates among car 
occupants, 1976 -1986 .  Department of Transport 
TRRL Report RR244: Transport and Road Research 
Laboratory, Crowthorne 

BROUGHTON J and Stark D C (1986). The ef fect  
of the 1983 changes to the law relating to 
drink/driving. Department of Transport TRRL 
Report RR89: Transport and Road Research 
Laboratory, Crowthorne 

DEPARTMENT OF TRANSPORT (1985) 
Compulsory Seat Belt Wearing--Report  by the 
Department of Transport, HMSO, London. 

DEPARTMENT OF TRANSPORT (1988a) Road 
Accidents Great Britain 1987. HMSO, London. 

DEPARTMENT OF TRANSPORT (1988b). National 
Travel Survey: 1985/86 Report--Part  1. HMSO 
London 

JONES W and Everest J T (1987). The incidence 
of alcohol in road accidents and motoring 
offences. Department of Transport TRRL Report 
RR125: Transport and Road Research Laboratory, 
Crowthorne 

RUTHERFORD W H, Greenfield A, Hayes H R M 
and Nelson J K (1985). The medical ef fects of the 
seat belt legislation. Department of Health and 
Social Security, Research Report No. 13, HMSO, 
London. 

SCOTT P P (1986). Modelling Time Series of 
British Road Accident Data. Accident Analysis and 
Prevention, Vol 18 No 2 

APPENDIX A 
The general definit ion of the quadratic spline is 
given in Appendix A1, as it is a relat ively 
unfamil iar mathematical function. It possesses 
certain attract ive features, which are outl ined. The 
particular application of the quadratic spline is 
described in Appendix A2, which also describes 
the method of f i t t ing the model to a t ime series. 
Appendix A3 reviews the measure of 'goodness of 
f i t '  that is used to choose the optimal quadratic 
spline in each application. 

A.1 THE Q U A D R A T I C  SPLINE 
Let the quadrat ic spline f be defined over an 
interval that is made up of cont iguous 
sub-intervals 

[to,t1] , [ t l , t2] . . . [tn-2,tn-1] , [ tn- l , tn]  

The points t~, t2...tn-1 are referred to as knots, as 
the quadrat ic spline consists of a series of 
quadrat ic polynominals,  each def ined over one 
sub-interval and ' t ied '  at ei ther end to its 
neighbours. Speci f ica l ly ,  f and its f i rs t  der ivat ive 
are required to be cont inuous at each knot. Higher 
order splines can also be def ined, but the 
quadrat ic spline should be suf f ic ien t ly  f lex ib le for 
the present appl icat ion.  

It can be shown tha t  the cont inu i ty  condit ions 
imply that  

i 
f(t) = f l ( t )  + ;C d , . ( t - t r )  2 for t i< t< t i+ l  (3) 

r = l  

where f l  is a quadrat ic  polynomial :  
2 

f l ( t )  = a l  + b l . t  + c l . t  (4) 

Thus, the quadrat ic spl ine can be v iewed as a 
quadrat ic wi th  the addi t ion of an extra quadrat ic 
term fo l lowing each knot. It is a l inear sum of 
powers of t and so can be f i t ted as a l inear 
regression model.  Its great advantage lies in its 
f lex ib i l i ty ;  depending on the number and posit ion 
of the knots speci f ied,  it can fa i th fu l ly  represent a 
very wide range of cont inuous funct ions.  
Moreover,  as there are no exponents  greater than 
two,  it is more stable than a polynomial  w i th  an 
equivalent  number of terms.  

A.2  THE SPECIFIC MODEL 
Three issues must  be considered when developing 
the ful l  model for  t ime series of casual ty  data: 
seasonal var iat ion, the choice of knots and the 
l ikel ihood that  casual ty  series wi l l  have been 
af fected by the implementa t ion  of the 1981 
Transport  Act.  

The t ime series are most  conven ient ly  analysed by 
month. To represent the seasonal var iat ion,  the 
constant  al in (4) is replaced by twe l ve  constants,  
one per month. 

The 1981 Transport  Ac t  int roduced three 
measures which are l ikely to have had clear cut 
ef fects  on month ly  casual ty  to ta ls .  These were 
outl ined in sect ion 4, and took e f fec t  on 
31 January/1 February 1983 (referred to as t ')  
and 6 May 1983 (referred to as t " ) .  The ef fect  of 
these measures is in t roduced via t w o  ext ra terms, 
a' and a " ,  so the extended model is: 

f ' ( t )  = f (t) t < t '  (5) 
= f (t) + a' t ' < t < t "  
= f (t) + a "  t < t "  

21 



Thus a' should measure the combined e f fec t  of 
compu lso ry  seat belt  wearing and the motorcyc le  
engine restr ic t ion,  whi le a "  should measure the 
e f fec t  of the combined measures. This suggests 
tha t  a " - a '  should measure the e f fec t  of the new 
dr ink /dr ive  regulat ions, but in pract ice the 
shor tness of the interval between t '  and t "  makes 
th is approach unreliable. 

This extended model can stil l be f i t ted as a l inear 
regression model. 

In spec i fy ing knots, a compromise must  be struck 
be tween  having too many and too f ew .  If too 
many  knots are specif ied (as judged by the 
cr i ter ion to be def ined in the next  sect ion) the 
model  wi l l  be sub-opt imal in the stat is t ica l  sense: 
certa in knots could be deleted w i thou t  reducing 
the mode l ' s  power  s igni f icant ly .  Also, the long- 
te rm t rend tends to be obscured when an 
excess ive  number of knots int roduces shor t - term 
f luc tua t ions  into the trend. On the other hand, it 
may  be impossible to detect  changes in t rend 
rel iably w i th  too f e w  knots. The compromise 
adopted is to speci fy  knots at six month ly  
in tervals ,  but to retain only those which  contr ibute 
s ign i f i can t ly  to the model. 

There is a risk tha t  the form of the t rend may be 
exaggerated in the periods before the f i rs t  knot 
and af ter  the last knot. The reason is tha t  the 
t rend at t ime t is inf luenced most  by adjacent data 
points,  and for most  t there are balanced sets 
before and after t. However ,  in the f i rs t  sub- 
in terval  there are re lat ive ly  f ew  preceding points, 
and in the last sub- interval  there are re la t ive ly  few 
succeeding points. Thus, a short sequence of 
va lues in either sub- interval  that  are cons is tent ly  
ei ther re lat ively high or re la t ive ly  low could have 
an undue inf luence that  they  would not  have 
e lsewhere.  The risk is reduced, but not  el iminated, 
by having the f i rs t  and last sub- intervals twe l ve  
months  long, rather than six. Nonetheless,  a 
sudden change in 1988,  such as that  shown in 
the KSI series in the upper part of f igure 5, must  
be regarded as less reliable than the earl ier 
changes: i t  is l iable to be revised when ful l  data 
for  1989  become avai lable. 

In the case of the f i rs t  sub- interval ,  the complete 
solut ion is to s tar t  the analysis one or t w o  years 
before the period of real interest ,  then discard this 
pre l iminary  period. Clearly,  no such solut ion is 
avai lab le wi th  the last sub- interval ,  doubly  
un fo r tuna te  because it is the most  recent  t rends 
tha t  are of  especial interest .  

Observe that  th is fu l ly -developed model includes 
the or iginal model (1) as a special case, by sett ing 

0 1  = d l  . . . .  =do-1 = 0  

Thus, there is a nested fami l y  of models,  
ex tend ing  from (1) to (5). It is possible to 

determine the opt imal level of development 
appropriate for a particular t ime series using the 
criterion to be described in the next section. This 
yields the simplest model beyond which no further 
addit ion of variables wil l  provide greater 
explanatory power. An important practical 
advantage of using this most parsimonious model 
is that  the standard errors of its parameter 
est imates (in part icular of a")  are lower for this 
model than for any models that include extra 
variables. 

This has been presented as an automatic process, 
but the model can convenient ly be re-f i t ted in a 
final stage to remove any short-term oscil lations 
which are judged to be of marginal significance. 
The osci l lat ions in 1985 in the KSI trend in the 
lower part of f igure 1 are a case in point. The 
model could be re-f i t ted wi thout  the two 1985 
knots: if the loss of f i t  were acceptably small and 
the new model was in other respects sat isfactory, 
then a smoother trend would have been achieved 
at a stat ist ical ly acceptable cost. 

A.3 GOODNESS-OF-FIT 
As wi th any linear regression model, the new 
fami ly  of models for casualty series is calibrated 
by f inding the coeff ic ients which minimise the 
sum: 

SS = ~ t( f ' ( t )--yt)  2 

where Yt is the value of the t ime series in month t. 
In measuring the 'goodness-of- f i t '  of a particular 
model, it is important  to allow for the reduced 
degrees of freedom that  result when extra 
variables (in particular, knots) are added. The 
appropriate measure is the Adjusted R2: 

R 2 = 1 - ( n -  1) . SS 

( n -  p) S w 

where n =number  of data (ie the number of 
months), 

p = number of variables 

and Syy = ~ t (Yt -- (~rYr/n)) 2 

As new variables are added, p increases and SS 
necessari ly reduces, but it can be shown that ~2 
wi l l  increase only if the new variables have 
signi f icant ly increased the model 's explanatory 
power. Thus, R 2 provides the criterion by which to 
judge whether the original linear trend model is 
sat isfactory,  or by which to evaluate the 
contr ibut ion of extra knots. In the latter case, the 
technique of 's tepwise regression' is used to 
determine the simplest set of knots which wil l  
describe variat ions in trend adequately. 

A.4  THE MINIMUM VALUE OF Q 
The quotient 

Q=casua l t y  trend durin 9 drink/drive hours 

casualty trend during rest of day 
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was introduced in section 3.1, and the question 
arose of the value to which Q might sink if 
drink/driving were to be el iminated. This section 
uses a simple model to assess Q', the l ikely 
minimum value of Q. This is done f i rst  for car 
drivers and passengers, as suitable data exist  for 
these groups. The results are then considered 
quali tat ively to assess Q' for other road users. 

Consider car drivers f irst;  for drivers of age a and 
sex s let: 

m(e,a,s) =mi leage during evening (10 p m - 4  am), 
m(d,a,s) = mileage during rest of day, 
c(e,a,s) =casualt ies per km travel led during 

evening, 
c(d,a,s) = casualties per km travel led during rest 

of day, 

then Q=  T, m(e,a,s).c(e,a,s) 
a , s  

:C m(d,a,s).c(d,a,s) 
a , s  

This equation wil l now be applied to est imate Q', 
so c(e,a,s) is the casualty rate in the evening that 
would be expected if drink/driving could be 
eliminated. Under these condit ions, it is reasonable 
to assume that the casualty rate for evening travel 
wil l  vary with age and sex in the same way as for 
travel during the rest of the day. The variat ion for 
the whole day has been quantif ied (Broughton, 
1990), so the casualty rates can be re-wri t ten 

c(e,a,s) =C(e) . c(a,s) and c(d,a,s)= C(d) . c(a,s) 

where c(a,s) is the known casualty rate calculated 
over the whole day and C(d) and C(e) represent 
the relative risks of travel during the two  parts of 
the day. Also, let M be the total driver mileage 
and 

m'(e,a,s) = m(e,a,s)/M , m'(d,a,s) = m(d,a,s)/M, 

so Q ' =  T, m'(e,a,s).c(a,s) C(e) 

E; m'(d,a,s),c(a,s) C(d) 

The first of these two  quotients can be est imated 
using mileage data from the National Travel 

Survey and the known casual ty  rates; the value 
for car dr ivers is 0 .077 .  When the ca lcu la t ion is 
repeated for car passengers, the value found is 
0 .089 .  Str ic t ly ,  the NTS data refer to journeys 
started between 10 pm and 4 am, so mi leage 
f rom journeys started earlier but  not comple ted  by 
10 pm is excluded. It is par t ia l ly  o f fset  in the 
calculat ion by mileage f rom journeys star ted 
before 4 am but not completed by then, but  the 
actual values are l ikely to be s l ight ly  higher than 
these est imates.  

The second quot ient  compares the acc ident  risk in 
the t w o  parts of the day. It cannot  be es t imated 
exac t ly ,  but factors such as fat igue and reduced 
v is ib i l i t y  in the dark mean tha t  it wi l l  cer ta in ly  
exceed 1.0, and could wel l  be at least 1.5. Thus, 
Q' is l ikely to exceed 0 .10  both for car dr ivers and 
for car passengers. 

When the f i rs t  quot ient  is re-evaluated using 
fa ta l i t y  or KSI rates, i ts value changes very  l i t t le.  
It is l ikely,  however ,  that  the second quot ien t  wi l l  
be higher for more serious injuries. A t  present,  the 
proport ion of casual t ies who  are ser iously injured 
is higher in the evening than in the rest of  the 
day, as has been shown by the var ious f igures 
compar ing casual ty  quot ients.  The d i f ference may 
reduce as the level of dr ink/dr iv ing fal ls,  but  it is 
unl ike ly to be el iminated.  Consequent ly ,  the 
min imum value of Q is probably  higher for  severe 
casual t ies than for  all casual t ies.  

These examples show that  the value of Q'  for  a 
part icular  group of road users depends pr inc ipal ly  
upon the proport ion of road use that  occurs in the 
evening and the ratio of the casual ty  rate in the 
evening to the rate in the rest of the day.  For both 
motorcyc l i s ts  and pedestr ians,  evening journeys 
probably  const i tu te  rather less of thei r  to ta l  road 
use than is the case w i th  car occupants.  
However ,  the rat io of casua l ty  rates is probably  
higher than for car occupants,  w i th  the resul t  that  
Q' for these groups may wel l  be s imi lar  to the 
values for  car occupants,  ie at least O. 10. 

Printed in the United Kingdom for HMSO 
(1756190) Dd8222792 6/90 C5 G476 10170 

23 


